Neural changes related to learning of the meaning of Chinese characters in English speakers were examined using functional magnetic resonance imaging (fMRI). We examined item specific learning effects for trained characters, but also the generalization of semantic knowledge to novel transfer characters that shared a semantic radical (part of a character that gives a clue to word meaning, e.g. water for lake) with trained characters. Behavioral results show that acquired semantic knowledge improves performance for both trained and transfer characters. Neuroimaging results show that the left fusiform gyrus plays a central role in the visual processing of orthographic information in characters. The left superior parietal cortex seems to play a crucial role in learning the visual-spatial aspects of the characters because it shows learning related decreases for trained characters, is correlated with behavioral improvement from early to late in learning for the trained characters, and is correlated with better longterm retention for the transfer characters. The inferior frontal gyrus seems to be associated with the efficiency of retrieving and manipulating semantic representations because there are learning related decreases for trained characters and this decrease is correlated with greater behavioral improvement from early to late in learning.
Introduction
Lexical learning/training studies provide a dynamic method for evaluating the neural network involved in language processing. These studies have suggested that left fusiform is involved in new orthographic word form or object form learning (Gauthier, Tarr, Anderson, Skudlarski, & Gore, 1999; Sandak et al., 2004; Xue, Chen, Jin, & Dong, 2006) , the superior temporal gyrus is involved in learning phonological representations (Callan et al., 2003; Wang, Sereno, Jongman, & Hirsch, 2003) , the middle temporal gyrus is involved in learning semantic information (Sandak et al., 2004) and the inferior parietal cortex is involved in the mapping between orthographic word forms and their phonological representations (Eden et al., 2004; Hashimoto & Sakai, 2004; Lee et al., 2003) . Other findings, including connectivity * Corresponding author. Tel.: +86 10 58808939; fax: +86 10 58808939.
analysis, have also suggested a shift from an initial rule-based process in the temporo-parietal region to a later pattern-based process in the occipito-temporal region with training (Buchel, Coull, & Friston, 1999; Hashimoto & Sakai, 2004; Poldrack, Desmond, Glover, & Gabrieli, 1998) .
Acquiring lexical knowledge is marked by the acquisition of rules of the language system, even without explicit instructions. One way to explore the effect of current knowledge on processing new information is to compare the brain activity on trained words with that on novel words. Several studies have reported similar pattern of activation for trained words and for novel words (Callan et al., 2005; Hashimoto & Sakai, 2004; Lee et al., 2003) probably due to the high overlap in lexical features between novel words and trained ones. In contrast to this, Sandak et al. (2004) found that the activation pattern on trained words showed the highest degree of similarity with that of real words, whereas the least similarity was shown between novel and real words. However, other studies have not showed activity changes over training on novel words (Breitenstein et 
